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The development of biobased polymers produced from renewable biomass resources is an 
important research topic to solve environmental issues and achieve economic growth. In particular, 
use of hemicellulose, which is an inedible waste biomass, is required without competing with food 
issues for the construction of a sustainable society. Furfural, which is industrially produced from 
hemicellulose, is an economically ideal biobased compound because it is inexpensive and can be 
produced. However, the development of novel usage applications is expected because the current 
main use of furfural is only as furan resin. Additionally, furan-containing compounds, such as furfural, 
are produced from biomass and not from fossil resources, which indicates that the furan ring is a 
characteristic structure that is based on biomass. Therefore, if the furan-derived function can be 
imparted to furan-containing polymers, biobased polymers that replace fossil resource-based 
polymers can be provided. 
In this research, the focus was on the bifuryl moiety in which two furan rings were directly 
connected. The bifuryl monomer was synthesized and polymerized to generate the bifuryl polymer. 
Then, the properties derived from the structural properties of the bifuryl moiety were clarified. The 
bifuryl moiety was confirmed to be promising as a building block for biobased polymers. 
In Chapter 1, the use of biomass for a sustainable society and furan-containing polymers are 
described as part of the background of this thesis research. The purpose of this research is also 
described in this chapter.  
In Chapter 2, bifurfural, a diformyl form of furfural dimer, is described regarding its 
synthesis as a bifuryl monomer. The two furan rings were found to have extended -conjugation and 
planarity. The bifuryl-containing poly(Schiff base)s were synthesized from bifurfural and several 
diamines. Their chemical structures were a mixture of linear and cyclic structures. The glass transition 
temperature and Young's modulus of the bifuryl-containing poly(Schiff base) were higher than those 
of the mono-furan-containing poly(Schiff base). In addition, the -conjugation of the bifuryl-
containing poly(Schiff base) was extended compared with the mono-furan-containing poly(Schiff 
base). Furthermore, the bifuryl-containing poly(Schiff base) was found to exhibit mechanical 
properties that are equivalent to that of polybutylene terephthalate, which is an engineering plastic. 
Thus, the bifuryl moiety is a building block that imparts better thermal and mechanical properties to 
polymers than the mono-furan moiety.  
As described in Chapter 3, bi(furfuryl alcohol), a dimer of furfuryl alcohol produced from 
furfural, was synthesized as a diol form. The two furan rings were found to have extended -
conjugation and planarity. The bifuryl-containing polyesters were synthesized from bi(furfuryl 
alcohol) and several acid anhydrides, and the chemical structures were linear. A comparison of the 
material properties of the bifuryl-containing polyester and the mono-furan-containing polyester 
revealed that the glass-transition temperature (-relaxation temperature) and the melting point of the 
bifuryl-containing polyester were higher than those of the mono-furan-containing polyester. Thus, the 
bifuryl moiety is a building block that imparts better thermal properties to polymers than the mono-
furan moiety, not only in the poly(Schiff base) described in Chapter 2 but also in the polyester. 
Furthermore, the bifuryl-containing polyester was cross-linked via a Diels-Alder reaction with 
bismaleimide. The structures of the cross-linked bifuryl-containing polyester were likely a ladder 
structure formed by the two polymer chains via the Diels-Alder reaction. The alpha-relaxation 
temperature of the cross-linked bifuryl-containing polyesters was higher than that of the uncross-
linked bifuryl-containing polyester. The thermal properties of the bifuryl-containing polyester could 
be controlled by cross-linking using the Diels-Alder reaction. 
In Chapter 4, this thesis is summarized, and future research prospects are described. In 
Chapters 2 and 3, the bifuryl moiety is shown to function as a rigid building block in the polymer 
backbone. As a functional expression utilizing the rigidity of the bifuryl moiety, I proposed the 
development as a mesogen of a liquid crystal polymer. Liquid crystallinity could be expected due to 
bonding of the bifuryl moiety to other aromatic rings, and the development of a functional liquid 
crystal polymer containing the bifuryl moiety could be expected. Additionally, the poly(Schiff base), 
as described in Chapter 2, becomes a wholly aromatic polymer in which the conjugated system is 
connected without interruption by using an aromatic dialdehyde and an aromatic diamine. Therefore, 
the development of high-performance electronic materials utilizing the mechanical properties of the 
bifuryl polymer can be expected. Furthermore, the Diels-Alder reaction between the bifuryl skeleton 
and the bismaleimide, which is described in Chapter 3, is in principle a dynamic covalent bond. 
Therefore, this Diels-Alder reaction could be applied to recycling to utilize the reversibility by 
thermal stimulation. Thus, the bifuryl moiety is promising not only as a biomass-derived feature but 
also for recyclability as an important building block of recyclable polymers for a sustainable society. 
 
 
